Human subjects obtain their vitamin D from the diet, especially from marine food, and from endogenous synthesis following cutaneous sun exposure. The risk of an insufficient vitamin D synthesis is increased in northern populations, but it may be counteracted by a high intake of marine food in fishing populations, e.g. at the Faroe Islands. We examined the vitamin D status and its statistical determinants in a cross-sectional study of 713 elderly Faroese aged 70-74 years, about two-thirds of all the eligible residents in this age group. Clinical examination included measurement of body weight and height, and marine food intake was estimated using a questionnaire. We measured serum 25-hydroxyvitamin D 3 (S-25(OH)D 3 ) by LC-MS/MS in 669 of the 713 subjects in whom sufficient serum was available. Of the population, 19 % had S-25(OH)D 3 concentrations , 25 nmol/l, and only 10·3 % of the population had S-25(OH)D 3 concentrations . 80 nmol/l. In a logistic regression analysis, BMI ,30 kg/m 2 , blood sampling in summer season, eating pilot whale blubber more than once per month and female sex were positively associated with vitamin D levels . 80 nmol/l. The high prevalence of low vitamin D levels among the elderly Faroese population reflects the low skin synthesis during most months of the year, which is caused by the limited sun exposure and insufficient benefits from marine diet. Thus, even in a population with a high intake of marine food, the northern latitude causes a low vitamin D status. Efforts to improve vitamin D status in this population are warranted.
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Vitamin D: Elderly: Marine food
The active form of vitamin D is known to be involved in the regulation of the bone mineral metabolism, and the role of vitamin D deficiency in the risk of rickets in children and osteomalacia in adults is well established (1) . However, recent epidemiological evidence has linked low vitamin D status to several other conditions such as insulin resistance (2) , metabolic syndrome (3) , obesity (4) , multiple sclerosis (5) , CVD (6) and certain cancers (7) . Therefore, the high prevalence of vitamin D insufficiency in certain population groups, in particular among the elderly who have a decreased capacity for cutaneous vitamin D formation, is a matter of concern (8) . Low vitamin D status is caused by several factors, including reduced skin synthesis caused by low UVB exposure and/or ageing and low dietary intake (7) . In countries at high latitudes, e.g. the Nordic countries, very little, if any, pre-vitamin D is formed from October through March (9) , and adequate vitamin D status is therefore highly dependent on sufficient dietary vitamin D intake. Furthermore, during spring and summer time, the use of sunscreen -as recommended for other reasons -may substantially decrease the production of pre-vitamin D (10) , making the dietary intake important for most population groups throughout the year.
However, few studies have been conducted in countries where UV exposure is low due to latitude, but where the population is expected to have an increased intake of dietary vitamin D due to high intake of marine food. The Faroe Islands is such a community at a geographical location at about 628N. It is therefore of importance to consider whether dietary intake is sufficient to compensate for the low UV exposure, especially during the months October-March.
Given the limited available data on the prevalence of vitamin D insufficiency among elderly with high intake of marine food in the Nordic countries (11, 12) , we examined the vitamin D status in a population of 70-74-year-old Faroese subjects to determine the proportion with adequate vitamin D levels. Furthermore, we wanted to estimate the relative contribution of various predictors of vitamin D status, including obesity.
Materials and methods

Study population and design
The present study is part of a larger study of cardiovascular and neurobehavioural effects of lifetime methylmercury exposure.
The Faroe Islands constitute a unique setting in which the residents have an increased exposure to methylmercury and persistent organic pollutants due to their intake of traditional marine food, including pilot whale meat and blubber. To examine the subjects aged 70-74 years, a cohort of Faroese men and women born in mid-1930s was established.
All 1131 Faroese citizens born between 2 January 1934 and 31 August 1937 received a letter of invitation, and 713 gave consent corresponding to a participation rate of 63 %. Serum was available for 669 subjects (59 % of the eligible population). The participants underwent a thorough clinical examination, including measurement of weight, height, waist circumference and blood pressure. We calculated BMI by weight (in kg)/height 2 (in m 2 ). All the participants travelled to the same examination location, and were thus examined by the same research nurses and a single physician. The participants completed health and lifestyle questionnaires, including FFQ on the local food items, i.e. fish, seabirds, pilot whale meat and blubber, and a question whether they avoid fat food. The FFQ addressed the consumption during childhood, adulthood and the preceding year. We used the information regarding intake during the preceding year as the half-life of 25-hydroxyvitamin D 3 (25(OH)D 3 ) in blood is reported to be approximately 4 weeks (13) . Fish intake was assessed as total fish intake in the questionnaires, thus it was not possible to separate intake into lean and oily fish.
The study was approved by the Faroese Ethical Review Committee, and all the participants provided written informed consent.
Vitamin D status
Blood samples were obtained at the clinical examination under fasting conditions. Serum was stored at 2 808C until analysis. Vitamin D status was assessed using LC-MS/MS for the determination of serum 25(OH)D 3 (S-25(OH)D 3 ) concentrations at the ISO 15 189 accredited clinical biochemical laboratory of Lillebaelt Hospital, Vejle. Serum proteins were precipitated with an internal standard (d 6 -25(OH)D 3 ; Synthetica, Oslo, Norway) and dissolved in acetonitrile, and solid-phase extraction of the supernatant was performed followed by ultra performance liquid chromatography. The lower detection limit was 10 nmol/l, and the CV was 9·6 % at 20 nmol/l and 6·7 % at 60 nmol/l. 25-OH-Vitamin D 3 /D 2 Serum Calibration Standard obtained from Chromsystems, Munich, Germany, was used as a calibrator. According to the Vitamin D External Quality Assessment Scheme, there was a slight negative bias of 3·4 nmol/l.
Statistical analyses
S-25(OH)D 3 was not normally distributed, hence data are presented as median and the 50 % range (25 -75th percentiles). Serum concentrations of 25(OH)D 3 were compared between groups using non-parametric tests.
To test the differences in vitamin D status between these groups, we dichotomised the following specific variables: BMI in obese (BMI $ 30 kg/m 2 ) v. non-obese; smoking status in daily smokers v. never smokers; whale blubber or whale meat intake more than once per month v. less during the most recent year; and fish intake more than twice per week v. less during the most recent year. This was performed using the Mann-Whitney U test.
The association between vitamin D status and BMI, sex, age, season of blood sampling, dietary intake of fish, whale meat and whale blubber, and avoidance of eating fat food were analysed by simple and multiple logistic regression models using a binary outcome of sufficient vitamin D status defined as 25(OH)D 3 . 80 nmol/l. A value of P, 0·05 (two-tailed) was taken to indicate statistical significance. Stata version 10.0 (Stata Corporation, College Station, TX, USA) was used for statistical analyses.
Results
The population had a mean age of 72·4 (SD 1·2) years, and the proportion of sexes was equal. Of the population, 19 % had a BMI lower than 25 kg/m 2 , and 37 % were obese (BMI $ 30 kg/m 2 ). The median 25(OH)D 3 concentration was 47·6 (29·8 -64·8) nmol/l.
A total of 44 and 26 % of the subjects, respectively, reported that they consumed pilot whale blubber and meat more than once per month during the preceding year, and 64 % reported that they had two or more fish dinners per week in the same period. Less than 20 % reported smoking daily or at least sometimes.
Vitamin D status
Vitamin D status among the 669 subjects is shown in Table 1 . For 54 % of the population, vitamin D status was , 50 nmol/l, and only 10·3 % had S-25(OH)D 3 levels above 80 nmol/l.
Less than 41 % of the men and 52 % of the women had S-25(OH)D 3 concentrations .50 nmol/l. However, twice as many of the women (14 %) had a vitamin D status .80 nmol/l compared with the men (7 %). Vitamin D deficiency (S-25(OH)D 3 , 25 nmol/l (14) ) was present in 20 and 17% of the men and women, respectively. The differences between sexes were statistically significant (x 2 ¼ 9·3651, P¼0·025; Table 2 ).
S-25(OH)D 3 concentration varied with the month in which blood sampling was done (Fig. 1) . Only for the months July and September were S-25(OH)D 3 concentrations above 80 nmol/l for about 22-24 % of the population. The overall difference between the sampling months is shown in Table 2 . Obesity, as measured by BMI, was negatively correlated to the S-25(OH)D 3 concentration, such that the subjects with a higher BMI had a lower vitamin D status (r s 2 0·1034, P¼0·008). The difference in vitamin D status between obese and non-obese is shown in Table 2 . 
Correlates of vitamin D status
In the bivariate logistic regression analysis, female sex, BMI and summer season significantly predicted sufficient vitamin D status, while age, smoking, avoidance of fat food, and intake of whale blubber and meat or fish were NS cofactors. Having a BMI ¼ 25 kg/m 2 (cut-off for normal weight) compared to having a BMI ¼ 30 kg/m 2 (cut-off for obesity) decreased the odds of having a vitamin D concentration higher than 80 nmol/l by 56 %. Blood sampling done in the summer season, July-September, increased the odds of having vitamin D status above 80 nmol/l by more than twofold (Table 3) .
Intake of marine food did not correlate with vitamin D status in the bivariate logistic regression analysis. However, in the full regression model with adjustment for sex, BMI, age, season and avoidance of fat food, the subjects with at least a monthly intake of whale blubber had 56 % increased odds of having a vitamin D status .80 nmol/l, although this did not reach significance (P¼0·11). In the adjusted model, neither intakes of fish and whale meat nor smoking habits predicted vitamin D status. We have performed more detailed analysis regarding grouping the intake of fish and whale blubber into more categories. Although the results were in the same directions as when dichotomised, they were less clear due to the smaller group size and the imprecise exposure assessment. Table 3 shows the crude and adjusted OR for vitamin D concentration above 80 nmol/l.
Discussion
Fish and marine foods are believed to be crucial sources of dietary vitamin D, and of importance for vitamin D status, especially for populations at northern latitudes. However, even a high intake of fish and whale blubber as in this population of elderly Faroese subjects, at a latitude of 628N, does not prevent low vitamin D status, with an average of 54 % having a vitamin D status lower than 50 nmol/l and approximately 10 % having a vitamin D concentration above 80 nmol/l, as recently suggested to be optimal (15) . Only during summer season (July through September) did the median vitamin D concentration rise above 50 nmol/l, and median values never rise above 80 nmol/l. During November through February, the median levels were 15 % lower than the levels during summer season.
The optimal serum vitamin D concentration is a matter of debate, mostly ranging between 70 and 80 nmol/l (16) , although levels above 80 nmol/l are required to obtain maximal bone mineral density (17) . However, the most recent Danish report from 2004 on vitamin D suggests that levels above 50 nmol/l might be considered sufficient. These differences in the classification of vitamin D sufficiency are important, as the use of higher cut-off values results in considerably higher proportions of subjects with insufficient vitamin D status (Table 1) .
In this fishing population, the average intake of fish and other marine foods is high and includes pilot whale blubber. Nonetheless, the vitamin D status is low in the majority of the elderly subjects. One factor of importance may be that the most frequent fish eaten are cod and haddock with vitamin D content lower than 1 mg/100 g, which may explain why we did not observe a correlation with overall fish intake and vitamin D status, as other studies have demonstrated (11) . Unfortunately, the design of the questionnaire prevented a separation of fish intake into oily v. lean fish. In contrast, the intake of whale blubber did increase the odds of having a serum vitamin D concentration above 80 nmol/l by a factor of 1·5. As blubber ingestion may reflect a general intake of the Faroese traditional food, this traditional marine food may to some degree counteract the limited UVB exposure during winter with regard to the vitamin D status. However, at the same time, the traditional diet imposes an increased exposure to environmental contaminants, such as methylmercury and organochlorines, which may involve independent risks of CVD and neurobehavioural disturbances (18) . Still, even during the The grey circle represents an outlier observation. The median values for July, August and September (summer months) are significantly different from those for the other months (P , 0·0001; see Table 2 ).
summer months and among frequent blubber consumers, i.e. eating blubber more than three times per month, the prevalence of vitamin D levels above 80 nmol/l was just about 20 %.
The logistic regression models showed that season, whale blubber intake, sex, BMI and avoidance of fat food predicted approximately 10 % of the variation in 25(OH)D 3 concentrations. A poor precision of the proxy variables relating to sun exposures and dietary vitamin D may contribute to the poor correlations observed. However, other factors may also influence the concentration of 25(OH)D 3 in the blood. Among these factors are the use of vitamin D supplements, sun-exposure habits and recent travels or vacations at lower latitudes. Of note is that food available at the Faroe Islands is not vitamin D enriched, and the major dietary source is therefore the marine food. An additional factor of possible importance is genetic variation in the enzymes involved in vitamin D metabolism (19 -22) . Furthermore, we observed that the behaviour of avoiding fat food was associated with higher vitamin D levels. This may seem counterintuitive as blubber intake (which is fat) is also associated with higher vitamin D status. But in Faroese food habits, whale blubber is not considered as a 'fat food', but it is considered more as a kind of complement eaten mainly at traditional meals together with whale meat, or fermented or dried fish. Responding 'yes' to the question 'Do you avoid high-fat food?' may be interpreted as an indication of healthy behaviours that may include taking supplemental vitamins or being more physically active outdoor. This question was not addressed in the questionnaire available, but it may possibly impact on vitamin D status.
The age of the cohort members in the present study was 72 years. It is well known that ageing causes a decrease in the subcutaneous production of vitamin D 3 (cholecalciferol) partly due to an age-related decline in the content of 7-dehydrocholesterol in the epidermis and dermis (8) , and partly due to a change in the sun-exposure behaviour (23) . However, due to the frequent intake of marine food in this Faroese population, we did expect higher vitamin D levels and thus lower prevalence rates of insufficient vitamin D status. Still, our median vitamin D concentration is in accordance with the majority of the reported observations in middle-aged and older populations in the northern countries. For instance, in most recent studies of elderly Finnish (11, 12, 24) , Norwegian (25) and elderly Danish women (26) showed comparable levels. Although a Swedish study in elderly women showed much higher values, also during winter (27) . Differences in food fortification programmes between countries may explain these differences as well as different habits regarding dietary and supplementary vitamin D intake. In fact, it is a general tendency that among elderly people also in England (28) and the US (29) , a substantial proportion is at risk of vitamin D insufficiency.
In addition, among the obese subjects, who constituted more than one-third of the elderly Faroese population, the prevalence of low vitamin D concentrations was even higher than that in the group as a whole, thus supporting recent observations that obese subjects in general have lower vitamin D levels compared with the normal-weight subjects (27, 30, 31) . Recent studies suggest that vitamin D is better correlated to fat mass than to fat-free mass both in adolescents (32) and in adults (33) , so the inverse association between vitamin D and BMI observed in several studies does not seem to be explained entirely by the distribution volume, and also that subjects with a high fat mass, perhaps especially subcutaneous fat, may sequester vitamin D in the fat to a higher extent than in the muscle.
The clinical importance of the observed low vitamin D levels in an elderly population is reflected by randomised studies that have shown that vitamin D intake reduces fall risk and risk of hip fracture in the most compliant women. Additionally, epidemiological evidence demonstrates advantageous associations between cancer risk, CVD, autoimmune diseases such as multiple sclerosis and diabetes (34) . Thus, even though the Faroese subjects eat fish and other marine foods regularly, they do not obtain enough vitamin D to reach desirable levels, and the low levels observed may therefore increase their susceptibility to several chronic diseases. Vitamin D concentrations below 80 nmol/l are very common among the elderly of the Faroe Islands in spite of a high consumption of marine food, with deficiency being particularly common among obese subjects during the winter. Hence, efforts to improve vitamin D status are warranted, and it appears clinically appropriate to recommend supplementary vitamin D intake.
